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MODELING APPROACH OF FULL SCALE ACTIVATED SLUDGE 
TREATMENT PLANTS IN TURKEY FOR DESIGN AND OPTIMUM 
OPERATION 
SUMMARY 
 
Wastewaters from the leather industry includes high concentration of organic matters 
and nitrogen. Increasing number of restrictions has been set recently in the adoption 
process to the European Union legislation regarding discharge of nitrogen into  
receiving waters. Therefore, it is essential that the leather industry wastewaters are 
treated with respect to the nitrogen parameter to comply with  the required 
restrictions prior to discharge. In addition, it is necessary to examine the nitrification-
denitrification processes in the leather industry  wastewaters in detail.  
Due to the lack of knowledge in the wastewater treatment plants both in our country 
and the world, problems are encountered arising from inaccurate design or operation. 
These problems adversely affect the quality of the effluent of  wastewater treatment 
plants and the receiving waters. Hence, multi-component modeling analysis and 
model calibrations based on actual data should be conducted to improve the 
wastewater treatment plants both in the design and the operation steps.  
In this thesis, wastewaters from leather industry in Turkey have been studied and 
most appropriate operation strategies have been investigated for the applicability of 
nitrogen removal by using dual hydrolysis model. Consequently, the study presents 
the steps that should be taken for the modeling of a biological treatment plant at 
industrial scale. In this respect, this study will constitute a reference for the 
adaptation of  modern techniques into operational practices.  
 
 
 
ix 
TÜRKİYE’DEKİ BÜYÜK ÖLÇEKLİ AKTİF ÇAMUR TESİSLERİNİN 
TASARIM VE İŞLETİLMESİNE YÖNELİK MODELLEME YAKLAŞIMI 
ÖZET 
Deri endüstrisi atıksuları, yüksek konsantrasyonda organik madde ve azot 
içermektedir. Son yıllarda AB uyum süreci ile birlikte azot parametresinin alıcı 
ortamlara verilmesi için giderek artan kısıtlamalar getirilmektedir. Bu nedenle, deri 
endüstrisi atıksularının alıcı ortama verilmeden önce azot parametresi açısından da 
istenilen sınırları sağlayacak şekilde arıtılması gerekmektedir. Deri atıksuları 
üzerinde nitrifikasyon-denitrifikasyon prosesinin daha ayrıntılı ele alınarak 
incelenmesi gerekliliği görülmektedir.  
Dünyada ve özellikle ülkemizde atıksu arıtma tesislerinde bilgi eksikliğinden dolayı 
yanlış dizayn ya da işletmeye yönelik problemlerle sık sık rastlanmaktadır Bu sorun 
atıksu arıtma tesislerinin çıkış su kalitesini etkilemekte ve alıcı ortam üzerinde 
olumsuz etkilere yol açmaktadır.  Bu nedenle atıksu arıtma tesislerinin, gerek tasarım 
gerekse işletme aşamasında daha verimli hale getirilmesi için, çok bileşenli 
modelleme analizleri ve gerçek datalara dayalı model kalibrasyonları yapılmalıdır.   
Bu çalışmada Türkiye’de bulunan bir deri endüstrisine ait atıksular ele alınmış ve 
dual hidroliz modeli kullanılarak azot gideriminin uygulanabilirliğine yönelik en 
uygun tasarım ve işletme stratejileri ortaya konmuştur. Çalışma, ayrıca, endüstriyel 
ölçekli bir biyolojik arıtma tesisinin bu amaçla modellenmesinde izlenmesi gereken 
adımları bir yol haritası sunarak ortaya çıkartmıştır. Çalışma bu yönüyle de modern 
tekniklerin işletme pratiğine uyarlanmasına dönük bir referans olacaktır. 
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1 INTRODUCTION 
1.1 Aim of the Thesis 
Turkey is required to adjust its legislation on environment within the accession 
process to the European Union. Therefore, the national legislation on wastewater is 
also revised. In recent future, restrictions of nutrients will be set for the discharge of 
wastewater in many regions of Turkey. In this case, restrictions of nutrients will be 
brought on the agenda for the industrial WWTPs in addition to the domestic WWTPs 
in these regions.  
Consequently, some of domestic and industrial WWTPs will be retrofitted in order to 
remove nitrogen and phosphorus. 
On the other hand, several difficulties are encountered related to the inaccurate 
design or operation in the wastewater treatment plants in Turkey. Such difficulties 
adversely affect the quality of the effluent wastewater and the receiving water. In 
order for the proper design, operation and retrofit of the WWTPs, models constructed 
by means of contemporary models gain importance increasingly. However, these 
models must be calibrated according to the actual data of the WWTP for its proper 
operation. In this respect, best strategies to be implemented for the WWTP may be 
determined with a view to the aim created according to the various scenarios 
including the properly calibrated model. The number of studies conducted on this 
issue is rather low in our country.  
The aim of this thesis is to present the guideline and the strategies of such a modeling 
approach and to experience it with a case study.  
This study does not only provide the most appropriate working conditions for the 
mentioned aim and the model calibration of WWTP, but also represents a guideline 
comprising the steps of WWTP modeling for the reader.  
Thanks to the methodology specified by this study, the most convenient strategies 
will have been determined for the proper operation of the WWTPs available in 
Turkey and/or for their being retrofitted in accordance with the EU criteria. In 
2 
addition, a very essential tool will have been developed for the proper design of the 
newly constructed WWTPs. Consequently, the investments to be launched in this 
purpose will have been optimized.  
1.2 Scope of the Thesis 
In this study, firstly the activated sludge models which cover wide usage in the world 
will be handled. A detailed algorithm related to the modeling of WWTPs for the 
latter selected aims is also presented. Finally, this algorithm is experienced with a 
case study. For this purpose, a real industrial WWTP is selected for only the carbon 
removal and the developed modeling approach was implemented for this plant.  
In this scope, chapters of the thesis are as follows:  
Chapter 1 presents the aim and the scope of the thesis.  
Chapter 2 handles the concepts of modeling and model calibration, and introduces 
available AS models. In this section, it is particularly indicated the ASM1 model that 
is used in this study and its dual step hydrolysis modification.  
Chapter 3 includes a guideline indicating each step that should be followed for the 
modeling of WWTP and the calibration of this model.  
Chapter 4 explains a case study implementation. The selected case study belongs to 
a large-scale leather industry zone that is active in Turkey. A target is determined and 
all steps are implemented in details. 
Chapter 5 summarizes the results of this study and provides recommendations. 
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2 MODELING OF ACTIVATED SLUDGE SYSTEMS 
2.1 Activated Sludge Models 
The activated sludge process is the most generally applied biological wastewater 
treatment plant method. In the activated sludge process, a biomass (the activated 
sludge) is responsible for the removal of pollutants. Depending on the design and the 
specific application, an activated wastewater sludge treatment plant (WWTP) can 
achieve biological nitrogen (N) and biological phosphorus (P) removal, besides 
removal of organic carbon substances. Evidently, many different activated sludge 
process configurations have evolved during the years (Orhon and Artan, 1994). 
Activated sludge models have become commonly used tools for understanding and 
predicting the complex behavior of activated sludge plants. However, external 
factors (i.e. environmental conditions, operating conditions), interactions between 
complicated and still rather unknown biological reactions make it difficult to 
comprehend the expected response of the system  under certain conditions. A better 
understanding of biological processes can be provided by means of devoted research 
and developments in parallel to advancing technologies in biotechnology. Thus, 
important discoveries in physical and biological processes in biotechnology triggered 
the increasing trend in the complexity of  activated sludge modelling.  
In the 1980s, the research group of the University of Cape Town first proposed a 
general model for activated sludge process (Dold et al., 1980). Considering carbon 
removal, The Activated Sludge Model No. 1 (ASM1) was developed by IAWPRC 
Task Group on Mathematical Modelling for Design and Operation of Biological 
Wastewater Treatment (Henze et al., 1987). ASM1 can be considered as the 
reference model, since this model triggered the general acceptance of WWTP 
modeling. ASM1 was primarily developed for municipal wastewater to describe the 
removal of organic carbon compounds and nitorogen (N). A schematic diagram for 
transmations of ASM1 components  is illustrated in Figure 2.1. 
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Figure 2.1 :   Substrate flows for autotrophic and heterotrophic biomass in ASM1  
 
In ASM1 model non-biodegradable organic matter passes through an activated 
sludge system unchanged in form. Two fractions, depending on their physical state, 
can be identified: soluble and particulate. Inert soluble organic matter, SI, leaves the 
system at the same concentration that it enters. Inert particulate organic matter, XI, 
becomes enmeshed in the activated sludge and is removed from the system through 
wasted sludge. 
Biodegradable organic matter may be divided into two fractions, readily 
biodegradable and slowly biodegradable. For purposes of modeling, the readily 
biodegradable matter, Ss, is treated as if it were soluble, whereas the slowly 
biodegradable matter, Xs, is treated as if it were particulate. The readily 
biodegradable matter consists of relatively simple molecules that may be taken in 
directly by heterotrophic bacteria and used for growth of new biomass.  A portion of 
the energy (COD) associated with the molecules is incorporated into the biomass, 
whereas the balance is expended to provide the energy needed for synthesis. The 
electrons associated with those portions are transferred to the electron acceptors 
(oxygen or nitrate). In contrast, the slowly biodegradable matter, consisting of 
relatively complex molecules, must be acted upon extracellularly and converted into 
slowly biodegradable substrate before it can be used. It is assumed that conversion of 
slowly biodegradable substrate into the readily biodegradable form (hydrolysis) 
involves no energy utilization and thus there is no utilization of electron acceptor 
associated with it. 
5 
Heterotrophic biomass is generated by growth on readily biodegradable substrate 
under either aerobic or anoxic conditions.  Biomass is lost by decay, which 
incorporates a large number of mechanism including endogenous metabolism, death, 
and lysis. Decay is assumed to result in the conversion of biomass into particulate 
products, XP. 
Nitrogenous matter in a wastewater can be divided into two categories: non-
biodegradable and biodegradable, each with further subdivisions. With respect to the 
non-biodegradable fraction, the particulate portion is that associated with the non-
biodegradable particulate COD; the soluble portion is usually negligibly small and is 
not incorporated into the model. The biodegradable nitrogenous matter may be 
subdivided into ammonia, SNH; and particulate organic nitrogen, XND. Particulate 
organic nitrogen is hydrolyzed to soluble organic nitrogen in parallel with hydrolysis 
of slowly biodegradable organic matter. The soluble organic nitrogen is acted on by 
heterotrophic bacteria and converted to ammonia nitrogen. The ammonia nitrogen 
serves as the nitrogen supply for synthesis of heterotrophic biomass and as the 
energy supply for growth of autotrophic nitrifying bacteria. For simplicity, the 
autotrophic conversion of ammonia nitrogen to nitrate nitrogen is considered to be a 
single step process that requires oxygen. The nitrate formed may serve as terminal 
electron acceptor for heterotrophic bacteria under anoxic conditions, yielding 
nitrogen gas. Cell decay of either autotrophic or heterotrophic biomass leads to 
release of particulate organic nitrogen which can re-enter the cycle. 
In this study, modified ASM1 model regarding dual step hydrolysis is used (Orhon et 
al., 1998). The fundamental processes incorporated into the model are listed in the 
leftmost column of Table 2.1, while their rate expressions are listed in the rightmost 
column. Basically, nine processes are considered: hydrolysis of XS to SS, hydrolysis 
of SH to SS, aerobic growth of heterotroph, Anoxic growth of heterotroph, growth of 
autotroph, aerobic decay of heterotroph, anoxic decay of heterotroph, aerobic decay 
of autotroph, anoxic decay of autotroph. The components in the model are shown 
across the top and bottom of Table 2.1.  
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Table 2.1.  Dual step hydrolysis with denitrification model (Orhon et al., 1998)  
Component SI XI SS SH XS XH XA SNH SNO3 SO TSS Rate 
Process 
1.Hydrolysi
s of  XS to 
SS 
  1  -1   inxs-inss   itssxs 
H
3NO3NO
3ON
OO
O
h
OO
O X
SK
S
SK
K
SK
S
HX/SXxxK
HX/SX
hxk 










 
2.Hydrolysi
s of SH to 
SS 
  1 -1    
insh- inss    
H
3NO3NO
3ON
OO
O
h
OO
O X
SK
S
SK
K
SK
S
HX/HSxsK
HX/HS
hsk 










 
3.Aerobic 
Heter. 
growth 
  -1/YH   1  
 
-inbm+inss/YH 
  
-(1-YH) 
/YH 
itssbm 
H
OO
O
HNHN
NH
SS
H X
SK
S
SK
S
SK
Ss

  
4.Anoxic 
Het. 
Growth 
  -1/YHNO3    1 
-inbm+ 
inss/YHNO3 
-(1-YHNO3) 
/2.86.YHNO3 
 itssbm 
H
HNHN
NH
SS
S
3NO3NO
3NO
OO
O
Hg X
SK
S
SK
S
SK
S
SK
K

  
5.Growth 
of Aut. 
      1 
-(1/YN+inbm) 1/YN 
-(4.57-YN) 
/YN 
itssbm 
A
HNAHN
NH
OOA
O
NH
X
SK
S
SK
S

  
6.Aerobic 
Decay of 
Het. 
fes fex    -1  
inbm-fes.insi- 
fex.inxi 
 
-(1- fes- fes) 
- itssbm 
+itssxi.fxi 3NO3NO
3NO
OO
O
HH
SK
K
SK
S
Xb

 
7.Anoxic 
Decay of 
Het. 
fes fex    -1  inbm-fes.insi- 
fex.inxi 
-(1- fes- fes) 
/2.86 
 - itssbm 
+itssxi.fxi NONO
NO
OO
O
HHE
SK
S
SK
K
Xb

  
8.Aerobic 
Decay of 
Aut. 
fes 
fex     -1 
inbm-fes.insi- 
fex.inxi 
 
-(1- fes- fes) 
- itssbm 
+itssxi.fxi 3NO3NO
3NO
OAO
O
AA
SK
K
SK
S
Xb

 
9.Anoxic 
Decay of 
Aut. 
   
   -1 
inbm-fes.insi- 
fex.inxi 
-(1- fes- fes) 
/2.86 
 - itssbm 
+itssxi.fxi 3NO3NO
3NO
OOA
O
AAE
SK
S
SK
K
Xb

  
COD 1 1 1 1 1 1 1  -4.57 -1   
N insi inxi inss insh inxs inbm inbm 1 1    
TSS  itssxi   itssxs itssbm itssbm    1  
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Modified ASM1 is used for tannery wastewater in the literature (Murat et al., 2005). 
Since the tannery wastewater contains  high concentration of organic matters and 
nitrogen, this modification is to be more important.  
When the configuring industrial wastewater treatment plants using the activated 
sludge models, kinetic and stoichiometric characterization should be done 
respectively. In this study, kinetic and stoichiometric characterization for tannery 
wastewater are taken from the literature.  
The models have grown more complex over the years. There are lots of activated 
sludge models in the literature to be used for nitrogen removal (Dold et al., 1980) 
and nutrient removal (Wentzel et al., 1992; Barker and Dold, 1997) From ASM1, 
including nitrogen process, to ASM2 (Henze et al., 1995), including biological 
phosphorus processes and to ASM2d (Henze et al., 1999) including denitrifying 
PAOs. In 1998 the Task Group decided to develop a new modeling platform., the 
ASM3 (Gujer et al., 1999)  in order to create a tool for se in the next generation of 
activated sludge models. The ASM 3 model was developed for biological N removal 
WWTPs. 
There is a an essential difference between an activated sludge models and a WWTP 
model. A WWTP usually consists of a set of activated sludge tanks, combined with a 
sedimentation tank, with a range of electron acceptor conditions occurring in the 
tanks. Depending on the concentrations  of dissolved oxygen (DO) and nitrate (NO3) 
present in the tanks, aerobic (oxygen present), anoxic (nitrate present, no oxygen) or 
anaerobic (no oxygen, no nitrate) tanks can be distinguished. The term WWTP 
model is used to indicate the ensemble of activated sludge model, hydraulic model, 
oxygen transfer model and sedimentation tank model needed to describe an actual 
WWTP. The term activated sludge model is used to indicate a set of differential 
equations that represent the biological (and chemical) reactions taking place in one 
activated sludge tank. Activated sludge model will thus refer exclusively to white-
box models, i.e. models based on first engineering principles. The hydraulic model 
describes tank volumes, hydraulic tank behaviour (e.g. perfectly mixed versus plug 
flow behaviour, constant versus variable volume, etc.) and the liquid flow rates in 
between tanks, such as return sludge flow rate and internal recycle flow rate. (Krist 
V. Gernaey et al., 2003). The sedimentation tank models are available in varying 
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degrees complexity. The most popular models simple ideal point settlers with no 
retention time, or the one-dimensional layered settler model of Takacs et al. (1991). 
A number of factors are to be considered with regard to activated sludge modelling 
and model applications, and a guideline is needed to evolve from the model purpose 
definition to the point where a WWTP model is available for simulations. 
 
2.3. Activated Sludge Modeling Application 
The targets of model applications in activated sludge systems can be summarized as 
below.  
 Experimental design  
 Evaluation of design options 
When designing a system one can encounter a number of different design 
options that may comply with the objectives. Combining model and simulator 
can provide a time and cost effective testing method to determine the 'best' 
option. 
 Process optimization 
When facing an upgrade of a plant, process optimization may prevent 
expensive structural works.  
 Development of control strategies 
Testing different control strategies in real time is in many cases not an option. 
Combining model and simulator can provide a testing tool to evaluate these 
control strategies  
 Minimization of operational costs  
 Evaluation of operating strategies:  
Prediction of dynamic responses of the system to influent variations  
Bottleneck identification  
Plant operation trouble shout  
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 Decision support (operator) 
Off line simulations: off line simulations may support the operator in the 
 decision making process  
On line simulations (operator in the loop): The data of online sensors is sent 
directly to simulator, with which the operator can test a number of operating 
strategies.  
 Real time control 
Model based predictive control  
Scenario based predictive control  
 Better insight in the processes 
The removal of organic matter, nitrogen and phosphorus, is accomplished in a 
single system nowadays. Simulator is a promising tool to improve the 
understanding of the interactions between these processes.  
Coen et al.,1997, used ASM No. 1 for two case studies. The first one  is optimizing 
operational cost of full scale industrial WWTPs. The second one is based on 
simulation the feasibility of the redesign was evaluated for municipal WWTPs. In 
both cases wastewater was characterized and the biological model (ASM No. 1) 
calibrated. This study show that the available simulation models are capable of 
reproducing the performance of both an industrial and a municipal WWTP and that 
they offer a tool for optimization. 
Fiter et al.,2003, carried out practical experiments to enhance biological nitrogen 
removal in an oxidation ditch. In order to model the biological reactor behaviour, the 
oxidation ditch is represented by ten equal volume. Continuously Stirred Tank 
Reactors (CSTR) in series is modeled according to ASM no 1. Finally, air regulation 
system is designed using simulation studies. They have demonstrated that it is 
possible to enhance nitrogen removal in small wastewater treatment plants, using 
simple, easy to operate, low cost measurement and control techniques. Their study 
shows the value of simulation tools for evaluating a control strategy performance, 
prior to its implementation and validation in a real facility. 
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2.2 Model Calibration 
Model calibration is understood as the estimation of the model  parameters to fit a 
certain set of data obtained from the full-scale WWTP under study. The aim of 
calibration is to minimize the error between the data sets and model predictions. It is 
important that the objective is not to achieve a perfect fit, since the model is a 
simplified representation of the WWTP and ignores some of the inputs and processes  
occurring in the real world. Even if all of the input data to the simulator were perfect, 
the simulator could give an approximate prediction and not an exact match. This is 
compounded by uncertainties in the input data. This leads to differences between 
predicted and observed data either to a smaller or greater degree. In calibrating the 
simulator to take care of small discrepancies, it likely is necessary to make small 
adjustments to certain parameters in the simulation models until the predicted 
simulator outputs match the measured plant performance. The parameters to be 
adjusted should be those for which reliable data are not available from the data 
collection task and have a large effect on the model predictions. When evaluating the 
match of the model against data, it is crucial to observe all the important variables. It 
is preferable to fit to most of the measured variables reasonably rather than fit 
perfectly to one selected (however important) component and poorly to others. 
A conceptional procedure for calibration involves the following steps: 
1. Running a simulation for a scenario for which measured data are available. Care 
must be taken that the model setup reflects reality, so that differences can truly be 
attributed to the parameter values and not to modeling errors. Specifically, two 
important points must be mentioned. 
(a) Steady state as opposed to long-term averages: Averaging several months worth 
of data usually does not provide a dataset that can be used for steady state runs. 
Steady state is the best approximated as the average of dry weather, normal operation 
and the dataset must be prepared according to guidelines in the data collection 
section. 
(b) Initialization of the model: In dynamic simulation, the starting point (initial 
conditions) has a special importance. A dynamic run should be initialized properly to 
accurately estimate initial conditions for all variables.  
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This can be achieved with a combination of steady state and dynamic runs, basically 
establishing the history of plant operation just before the simulation period that will 
be used for calibration. The importance of initial conditions decreases for longer 
dynamic runs. 
2.Comparing the simulation results with the observed data, and making some sort of 
error estimation. The error estimation often is simply a visual observation of time 
series plots or averages predicted by the model against the appropriate data. More 
rigorous error calculation methods are absolute or relative differences, sum of 
squares or the Maximum Likelihood criteria. 
3.Adjusting parameters, and returning first step. 
During this process, the modeler frequently discovers that some of the data are 
‘suspect’ do not fall within normal ranges or do not satisfy a mass balance. This 
‘automated consistency check’ is a useful benefit of modelling and should be used to 
advantage. The errors discovered usually lead to a closer  examination and 
reassessment of the dataset. However, more benefit can be derived from this if 
standart error checking, data reconciliation and data conditioning steps are performed 
before the modeling exercise (Meleer et al., 1999). 
A comprehensive model calibration based on consolidated scientific and engineering 
experience is presented by Vonrolleghem et al., 2003 for modelling wastewater 
treatment plants. The protocol consists of a set of interactive and independent 
modules for the calibration of hydraulic, settling and biological characterization of 
treatment plant. The protocol is designed to provide guidelines in this field. The 
major features of the protocol are summarized as below. 
 Object-oriented flexible calibration protocol. The targets of modeling and the 
availability of the data for calibration determines the overall procedure/steps 
to be executed during the calibration. 
 Data collection and quality is of crucial importance for a reliable calibration, 
hence data quality should be checked via mass balances. 
 The influent wastewater characterization and the solids mass balance of the 
system (sludge age) are essential to a successful calibration. 
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 The calibration is based on iterative approach until reaching a reasonable 
good agreement between model results and measurements. 
The calibration protocol applied successfully to a carrousel type plant treating 
municipal wastewater. The calibration study showed that the operating parameters of 
the plant are more sensitive than the ASM model parameters. 
Carette et al., 2000, modelled the wastewater treatment plant of Tielt with the 
recently issued IAWQ ASM No.2d model using WEST simulator package. Based on 
expert-approach the calibration was obtained changing most sensitive parameters 
within the model, being: the influent COD fractionation the decay rate of autotrophic 
organisms and the bio-p activity parameters For the specific case under study the 
model proved to deliver acceptable predictions on NH4-N and NO3-N. The obtained 
model after calibration has been used for scenario analysis. One of the scenarios 
evaluated by modelling is to double hydraulic loading of the biological unit using the 
available storm tank as an extra clarifier. The model based evaluation pointed out the 
biological system capable of treating a hydraulic loading up to 6Q14 (instead of the 
standart practice of treating 3Q14 biologically) while reducing the total pollutant 
discharge into the receiving waterbody. 
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3 METHODOLOGY OF MODELING 
An objective should be determined essentially for modeling the design and operation 
of a wastewater treatment plant operated by an activated sludge system. This 
objective may be one or more than one of the following: Optimization of existing 
WWTP, improving of effluent wastewater quality, cost reduction in the operation. 
Following this step, necessary preparations for the modeling should be completed 
and modeling step should be initiated. The main steps are explained in the form of a 
guideline which is expected to be followed for the implementation of modeling 
studies on the wastewater treatment plants. The algorithm of guideline is given in 
Figure 3.1.  
7.Verification of Model
8.Scenario Analysis
1.Wastewater Treatment Plant
2.Data Collection
3.Evaluation of WWTP
Performance
4(a).Interpretation Of Data
5.Definition of Model Structure
6.Calibration of Model
4.(b)Measurement Campaign
Target
Stage 1
Decision of 
Target
Stage 2
Modeling
Preparation
Stage 3
Modeling
9.Implementation of Scenario
Analysis
Stage 4
Implementation of 
Scenario Analysis
 
Figure 3.1 :   Guideline for Modeling 
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The steps determined according to Figure 3.1 are explained as follows. 
Step 1 Wastewater Treatment Plant 
Following the determination of the objective, the wastewater treatment plant should 
be identified and data should be collected concerning its processes and operation. 
Physical dimensions (width, length, depths, diameter and volume data of the units of 
treatment plants) of all units in the wastewater treatment plant and the data applied in 
its design should be analyzed in details and a general profile of the wastewater 
treatment plant should be given. 
Step 2 Data Collection 
‘Data collection’ should be conducted by means of the available data collection units 
(SCADA etc.) or the staff of the wastewater treatment plant. Flow rates, oxygen 
levels in the biologic reactor, amounts of return activated sludge and excess sludge 
applied in the plant, sludge age and basic analysis data related to the measurements 
in the laboratory (measurements related to the influent wastewater, effluent 
wastewater and biological reactor) should be collected depending on the determined 
objective (long term, seasonal, annual, monthly, weekly, daily etc.). It should be 
benefited from the literature for appropriate kinetic, stokiometric coefficients and 
process rates for all components considered in the system.  
Step 3. Evaluation of WWTP Performance 
WWTP performance should be calculated on the basis of the rational parameter by 
utilizing the data collected in the second step around the biological units of 
wastewater treatment plant and the performance of the system should be taken into 
account.  
Step 4. Interpretation of Data 
A general evaluation of the data collected in this step should be realized (4a). If there 
are any missing data which are constituent for the modeling study, they will be 
completed and the false data if any will be omitted from the evaluation. Before the 
initiation of the modeling, necessary measurements should be performed 4(b). 
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Step 5. Definition of Model Structure 
An activated sludge model should be selected depending on the characteristics of the 
influent wastewater, process type and operation and the model structure should be 
formed. Modeling step should be taken following the introduction of the hydraulic 
specifications of activated sludge plant, operation and influent wastewater data into 
the simulation program. 
Step 6. Calibration of Model 
Modeling should be performed based on the biological system. Biological units and 
secondary setting tank should be considered together and the system should be 
modeled with the model structure and inputs determined in the previous step. 
Sensitive parameters of the activated sludge model should be calibrated until the 
measurements conduct to obtain the average characteristics of the activated sludge 
plant reach the compliance level.  
Step 7 Verification of Model 
The consistency of the model should be compared with its compliance with the 
simulation results by using the data of a period which is not involved in the 
calibration process.  
Step 8. Scenario Analysis 
Necessary scenarios should be developed in order to achieve the target determined 
by a calibrated model. These scenarios may be related to the operation parameters or 
the configuration of the plant.  
Step 9. Implementation of Scenario analysis 
The most appropriate scenario which is determined in the scenario analysis step and 
provides the realization of the target should be applied to full scale WWTP and the 
model should be verified. At this step the restrictive factors of WWTPs should be 
observed. These factors may be illustrated as the capacities of the blower and the 
pumps in the plant.  
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4 CASE  STUDY 
In this section, a case study was carried out according to the guidelines prepared in 
Chapter 3. A leather industry WWTP in Turkey was selected for this study.  
The target of the modeling study is retrofitting of existing industrial WWTPs in 
Turkey to remove nitrogen according to EU standarts. According to the EU criteria, 
T.N concentration of the effluent wastewater should be 15 mg/l. 
4.1 Wastewater Treatment Plant 
Wastewater treatment plant consists of pretreatment units, biological treatment and 
sludge dewatering units. The average flowrate is 12,600 m
3
/day and the maximum 
capacity of the system is 36,000 m
3
/day regarding future expansion. The flow 
diagram of WWTPs is illustrated in Figure 4.1. 
 
Figure 4.1 :   Flow Diagram of WWTP 
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Wastewater is first passed through mechanically cleaned bar screens (course and 
fine) with 15 mm and 3 mm grid space. Bar screens are working with automatically 
cleaning system and wastes are transmitted into a container through a conveyor. 
Wastes collected in container are transferred to landfill area. 
Wastewater passing from bar screens enters into aerated grit chambers Aerated grit 
chambers is equipped with diffusers and air is supplied by blowers. Sand which 
settled in the bottom is conveyed to sand separation funnel and sand are conveyed 
wastewater container with screw conveyor. Also grease accumulated in the surface, 
are scraped with surface scraper on the bridge then they are taken to a collection 
tank. 
Wastewater passing from aerated grit chambers enters into homogenization tanks. 
Homogenization tanks have equalized the flow that have string wastewater 
characterization coming from leather industries. Homogenization is provided in two 
tanks of 10,250 m
3
each. The tanks are mixed and aerated by means of blowers. 
Effluent from the homogenization tank goes to first primary sedimentation tank and 
aeration tank volume of 27,500 m
3
. In aeration tank, mainly organic carbon has been 
removed and the air is obtained by blowers (3 main 1 spare), which have 15,400 
m
3
/hr capacities. Air from the blower is distributed efficiently by diffusers.  
Activated sludge comes to the secondary clarifiers after the biological reactor. In 
secondary clarifier, settled activated sludge is pumped to the head of aeration tank 
which aims at keeping microorganisms at a fixed concentration in the reactor. The 
treated water is collected by weirs and is sent to discharge units. Primary and excess 
sludge are dewatered by sludge treatment units. 
Design Criteria Evaluation:  
In this section, as mentioned in Step 1 (Chapter 3), the units of industrial wastewater 
treatment plants is evaluated in terms of their design and operation within the 
framework of the design criteria. Maximum value of peak flow that equals to 4800 
m
3
/hour is obtained in the physical treatment units (screening units and areted grit 
chambers) during the evaluation of the plant with respect to its design and operation.  
Units of the treatment plant are evaluated in terms of its design for the current 
maximum operation flow of 15,000 m
3
/day and the future operation flow of 36,000 
m
3
/day.  
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a) Bar Screens  
 
The velocity between the screen bars criteria (coarse and fine) are taken into 
consideration. The velocity between the bars that mechanically cleaned in the 
operations should be between 0.6–1 m/sec (Quasim, 1999).  
According to the data received from wastewater treatment plant administration, water 
depth in the screens is 1.8 m, effective opening between the coarse screens where 
waters flows is 0.84 m (bar opening x number of openings: 15mm x 56). Effective 
opening between the fine screens is 0.468 m (3 mm x 156). Design criteria for the 
coarse and fine screens are given in Table 4.1. 
Table 4.1.  Design criteria for bar screens 
Parameter Flow (m
3
/day) 
Coarse Screen Fine Screen 
 Criteria* 15,000 36,000 15,000 36,000 
Velocity m/sn 0.6-1.0 0.37 0.88 0.66 1.5 
Bar 
space 
mm. 10–50** 
0.25-2.5 
15 
-  
- 
3 
Coarse and fine screens are made in compliance with the selection of bar openings. 
However, the flow rate is so low under these circumstances that the operation 
conditions of the coarse screens do not provide necessary velocity. The velocity 
(0.37 m/s) is lower than the expected value gap (0.6-1 m/s). This may lead to deposit 
accumulation in the screen channel. 
b)Aerated Grit Chambers 
 
Grit chambers are evaluated according to the criteria regarding hydraulic retention 
time (HRT), Width/depth and Length/width rates. Design criteria of aerated grit 
chambers were compared for the current and future expansion Table 4.2. 
Table 4.2.  Design criteria for aerated grit chambers 
Parameter  Flow (m
3
/day) 
 Unit Criteria 15,000 36,000 
HRT min 2-5 ~16 7 
Width/Depth. - 1-5 4 
Length/Width - 2.5-5 1.5 
 
It was observed that the retention time of the aerated grit chambers is exceeding the 
expectations when compared to the design criteria. It was formed in compliance with 
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the design criteria in terms of the width/water depth. However, it does not comply 
with the design criteria with respect to length and width. This results in the escape of 
the inorganic matters, which could not settled into the homogenization tank. Besides, 
the air released into the system is essential for the removal of the inorganic matters. 
It is required that 4.6-12.4 L/sec of air is released per length of tank under the 
operational conditions for the effective settling of inorganic matters (Quasim, 1999). 
The productivity of the aerated grit chamber for grit and oil may be arranged 
according to the quantity of the released air. 
c)Homogenization Tank 
 
The retention time is calculated to the 1.3 day (31 hours) per daily flow (15000 
m3/day) in the operation process Table 4.3. When the daily wastewater flow 
increases upto 36,000 m3 for the future expansion the retention time will reduce to 
0,6 day (14 hours). 
Table 4.3.  HRT for homogenization tank 
Parameter Flow (m
3
/day) 
 Unit 15,000 36,000 
Volume m3 20,500 
HRT day 1.3 0.6 
 
d)Primary Settling Tank 
 
The criteria such as surface loading, diameter, average water depth and retention 
time are considered for the evaluation of the primary settling tank.  The comparison 
of the current status with the next status is summarized in Table 4.4. 
Table 4.4.  Design criteria for primary settling tank 
When the design criteria of the primary settling tank are compared to the expected 
design criteria, it is found that the retention time for the current status and surface 
loading are rather low. This causes the occurrence of anaerobic conditions.  
Parameter Unit Criteria Flow (m
3
/day) 
15,000 36,000 
Surface Area m
2 - 2 x 530 
(Total 1060) 
Water depth m 3-6 3.5 
HRT hour 2-3 6 2.5 
Overflow rate m
3
/ m
2
d 30-50 14 34 
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e)Activated Sludge Tank 
The criteria such as organic loading, food/microorganisms (F/M) rate,suspendend 
solids concentration in biological reactor and sludge age are considered for the 
evaluation of the aeration tank (Metcalf ve Eddy, 2003). Activated sludge tank is 
designed suitable as for the organic loading and F/M ratio. On the other hand, due to 
the high level of the suspended solid concentrations in the influent wastewater, 
mixed liquor suspended solids (MLSS) concentration in the reactor is above the 
expected interval. Nevertheless, available operation conditions are acceptable. The 
design criteria of the aeration tank are indicated in Table 4.5. 
Table 4.5.  Design criteria for Activated Sludge Tank 
Parameter Unit Criteria Flow (m
3
/day) 
15,000 36,000 
Volume m
3
  27,500 55,000 
Organic Load kgBOD/ m
3
.g 0.3-0.7 0.7 - 
F/M 
(Food/Microorganism) 
BOD/MLVSS 0.2-0.4 0.22 - 
SS kgMLSS/ m
3 1-3 4 - 
Sludge Age day 3-15 14 - 
 
Nitrification conditions arise in the biologic reactor where the plant is operated due 
to the high temperature, also oxygen requirement is increased by oxidization of the 
ammonia nitrogen to the nitrate nitrogen. It is expected that oxygen requirement will 
be rise up in the summer months because of the increase in the temperature and 
decrease in the winter months respectively.  
f)Secondary Settling Tank 
 
Secondary settling tank was evaluated in terms of surface loading, retention time and 
solid loading rate criteria. The criteria used in the current operational status and 
design of the secondary settling tank are given in Table 4.6. 
 
 
 
Table 4.6.  Design criteria for secondary settling tank 
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The recommended retention time for the secondary settling tank is nearly 2-4 hours 
according to the literature. In line with the design criteria, the retention time of 19 
hours in the secondary settling tank and existence of nitrate may trigger the anaerobic 
conditions and denitrification respectively. Furthermore, it may cause the biomass to 
be carried by nitrogen, escaped with the treated water. This is particularly seen in 
case of increase in the temperature of the water and the activation of the nitrification 
process. The biomass leaving from the system may become a problem for the 
compliance with the standards of effluent water organic matter. 
4.2 Data Collection 
At this step, data is collected from the authorities of the wastewater treatment plant. 
First of all, basic analysis parameters (influent and effluent of wastewater) measured 
in the laboratory of the wastewater treatment plant are compiled from the available 
data of 1997. Detailed results of the analysis are enclosed in Annex A.  
Since characterization of the influent wastewater constitutes the vital step in the 
model calibration (Caretta et al., 2000.), the influent wastewater characterization of 
WWTPs is conducted according to the wastewater characterization studies for the 
leather industry in the literature (Genceli, 1997, Murat et al., 2005). 
According to the Table 4.7 total COD in the influent of the aeration tank in the range 
of 2000-2778 mg/l and remains at the average level of 2372 mg/l whereas soluble 
COD in the range of 954-1559 mg/l and remains at the average level of 1172 mg/l. 
The percentage of the soluble COD to the total COD is approximately 50%.  
Readily biodegradable COD (Ss) in the influent of the aeration tank in the range of 
333-572 mg/l and remains at the average level of 428 mg/l. The percentage of the 
average soluble COD to the total COD is approximately 18%. 
Parameter Unit Criteria Flow (m3/day) 
15,000 36,000 
Surface area m
2 - 2 x 1520  
(3540) 
Water depth m 3.5-6  3.5 
HRT hour 2-4 19 7 
RAS QRAS/Q 1-1.5 1.3 - 
Solids Load kg/ m
2
.hr 5-8 1.0 2.5 
Overflow rate  m
3
/ m
2
.d 16-28 4.2 10 
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Soluble hydrolyzable COD (SH) in the influent of the aeration tank in the range of 
422-781 mg/l and remains at the average level of 558 mg/l. The percentage of the 
soluble hydrolyzable COD to the total COD is approximately %23. 
Slowly particulate biodegradable COD (Xs) in the influent of the aeration tank in the 
range of 690-1287 mg/l and remains at the average level of 923 mg/l. The percentage 
of the slowly particulate biodegradable COD to the total COD is approximately 39%. 
The percentage of the biodegradable COD (Cs) to the total COD is approximately 
80% (Murat et al., 2005). 
Soluble inert COD (SI) in the influent of the aeration tank in the range of 164-226 
mg/l and remains at the average level of 188 mg/l whereas particulate inert COD (XI) 
in the influent of the aeration tank in the range of 214-329 mg/l and remains at the 
average level of 278 mg/l. The percentage of the soluble inert COD and particulate 
COD to the total COD are approximately in order of 8% and 11%. 
TKN in the influent of the aeration tank in the range of 203-276 mg/l and remains at 
the average level of 235 mg/l COD/TKN ratio is higher than 10. 
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Table 4.7.   Aeration influent  and effluent wastewater characterization (1997) 
Table 4.8.  COD Fractionation and influent and effluent TKN, NH3-N  
 InfluentCOD Fractionation and TKN concentrations 
Effluent TKN,NH3-N and NO3-N 
concentrations 
1997 
SS 
(mg/l) 
SH 
(mg/l) 
SI 
(mg/l) 
XI 
(mg/l) 
XS 
(mg/l) 
ST 
(mg/l) 
Cs 
(mg/l) 
TKN 
(mg/l) 
S.TKN 
(mg/l)  
NH3-N 
(mg/l) 
TKN 
(mg/l) 
S.TKN 
(mg/l)  
NH3-N 
(mg/l)  
NO3-N 
(mg/l)  
January 524 714 226 214 690 1464 1928 237 214 136 145 144 120  
February 553 777 198 290 790 1528 2120 267 212 149 169 158 142  
March 572 781 209 321 906 1561 2259 276 239 149 96 94 66 42 
June 411 493 192 329 1287 1095 2191 203 181 102 31 25 14 20 
August 333 422 178 266 1021 932 1776 221 172 119 26 29 10 22 
September 395 465 174 279 1011 1034 1871 218 171 111 52 47 34  
October 340 460 180 240 800 980 1600 241 164 141 109 99 87 43 
November 333 444 167 267 1000 944 1777 239 209 133 122 116 99  
December 389 470 164 225 798 1023 1657 214 178 105 93 88 77  
Average 428 558 188 270 923 1173 1909 235 193 127 94 89 72 32 
     Influent Wastewater                  Effluent  Wastewater  
1997 
Flow  
(m3/d) 
pH 
 
VSS/SS 
% 
TSS 
(mg/l) 
COD 
(mg/l) 
S.COD 
(mg/l) 
BOD5 
(mg/l) 
S2- 
(mg/l) 
T.Cr 
(mg/l) 
SO4 
(mg/l) 
Cl 
(mg/l) 
TSS 
(mg/l) 
COD 
(mg/l) 
S.COD 
(mg/l) 
BOD5 
(mg/l) 
S2- 
(mg/l) 
T.CR 
(mg/l) 
SO4 
(mg/l) 
Cl 
(mg/l) 
January 9774 7,9 80 581 2381 1470 911 32 48 1880 5494 43 382 270 23 0,1 1,2 1935 4486 
February 8336 7,7 76 718 2634 1531 1223 25 34 3108 6713 41 321 217 21 0 1,2 2791 5785 
March 10844 7,6 77 797 2788 1559 1306 37 49 3040 6649 47 358 256 31 0,1 1,9 3339 5978 
June 12808 7,5 71 1195 2738 1065 1021 47 37 3854 7418 58 291 203 28 0 1,6 3983 7626 
August 14802 7,4 75 832 2219 934 891 112 37 1528 6544 46 274 193 10 0,1 1,6 2066 7361 
September 16070 7,4 77 822 2323 1032 894 104 43 1645 7440 50 325 216 13 0,1 1,3 2082 7794 
October 12791 7,3 75 768 2000 983 982 91   1712 6263 41 282 199 28 0,1   1900 6740 
November 14980 7,4 79 801 2222 954 818 116 37 1544 6860 48 290 197 18 0,1 1,8 2071 6415 
December 13000 7,4 79 676 2045 1022 1173 49 33 1455 4590 50 301 214 18 0,1 1,7 1576 4973 
Average 12601 7,5 77 799 2372 1172 1024 68 40 2196 6441 47 314 218 21 0 1,5 2416 6351 
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Interpretation of the operational data constitutes the second important step of the 
modeling WWTPs. Therefore, complete and regular evaluation of the collected data 
will enable the models to produce more reliable results. 
Table 4.9 summarizes operating parameters which are air amounts given to 
biological reactor, wasted sludge amounts, MLSS concentrations in the reactor and 
the return sludge. 
Table 4.9.  Operating Parameters 
1997 
T 
0
C 
MLSS 
(g/l) 
SVI 
(mlt/g) 
Air 
(m
3
/day) 
Px 
(m
3
/day) 
SS 
(g/l) 
January 21 3.3 172 355,315 1192 4.5 
February 21 3.4 115 398,637 1088 5.6 
March 22 4.2 162 496,467 1233 6.9 
June 32 4.6 131 530,479 1000 6.6 
August 35 4.5 113 546,948 998 8.4 
September 35 4.5 130 498,519 1376 7.4 
October 25 3.4 99 403,592 1113 6.5 
November 26 4.1 75 486,204 1187 6.8 
December 22,0 3.3 73 345,390 1305 6.4 
Average 26,6 4 119 451,283 1166 6.6 
 
The wastewater plant is operated with the average sludge age of 14 days. MLSS 
concentration of the reactor was average 4000 mg/l. Amount of excess sludge is 
approximately 1166 m
3
/day and MLSS concentration in the excess sludge is at a 
level of 6600 mg/l. Return activated sludge flows, which aims at keeping 
microorganisms at a fixed concentration in the reactor, is 18,000 m3/day during the 
year. The average amount of air given to reactors, which is found out as 451,283 
m
3
/day.  
Before we handle the modeling study, kinetic and stokiometric coefficients are added 
to the model from Genceli E., 1997. These values are indicated in Table 4.10. 
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Table 4.10.  Kinetics and stoichiometrics for Leather Industry (Genceli E, 1997) 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Evaluation WWTP Performance 
At this step, incoming and outgoing loads to and from the active sludge unit are 
examined through obtained data and performance of the waste water treatment plant 
is revealed.  
Figure 4.2 shows the loads incoming and outgoing from the activated sludge unit, 
MLSS concentrations in the reactor and in the wasted sludge and wasted sludge 
amounts, taking the 1997 averages as basis. Performance of the wastewater treatment 
plant is calculated based on 12,600 m3/day (Table 4.11). 
 
 
 
 
 
 
Model Parameters Unit Value 
      Autotrophs 
  
Autotrophic yield coefficient, Ya gcellCOD/g
COD 
0,24 
Endogenous decay rate for autotrophs, bA 1/day 0,05 
Maximum autotrophic growth rate, Aˆ  1/day 0,21 
      Heterotrophs   
Endogenous decay rate, bH 1/day 0,14 
Heterotrophic yield coefficient, YH gcellCOD/g
COD 
0,64 
Maximum heterotrophic growth rate, hˆ  1/day 2,1 
Hydrolysis   
Correction factor for hydroloysis under 
anoxic conditions, h  
 0,8 
Maximum hydrolysis rate for SH, khs day
-1 
1,08 
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Table 4.11.  WWTP Performance (1997 data) 
Parameter Influent 
(mg/l) 
Influent 
(ton/day) 
Effluent 
(mg/l) 
Effluent 
(ton/day) 
Efficiency 
(%) 
SS 799 10 47 0,54 95 
COD 2372 30 317 3,6 88 
S
2-
 68 0.86 0.1 0.0011 99 
BOD5 1024 13 21 0,24 98 
SO4 2196 27.6 2416 27.62 - 
TKN 235 2.96 94 1.07 64 
NO3_N 0 0 33 0.4 - 
T.N 235 2.96 127 1.5 46 
T.Cr 40 0.5 1.5 0,017 96 
 
A general evaluation shows that WWTPs COD, BOD5 and SS removal performance 
is at a level of 90%. Sulfide, on the other hand, is transformed into SO4 format 
through oxidization, and increased SO4 concentration at the effluent wastewater. (1 
kg S consumes 1,5 kg O2 when oxidized). Chrome, since it is generally in a 
particulate form in wastewater, diverges from the plant by accumulating with the 
sludge and reaches at average level of 1,5 mg/l at the effluent. The performance for 
the removal of TKN reduces to 36% in the winter whereas it increases up to 88% 
together with the escalation in the temperature and acceleration of the nitrification 
process. The average level of TKN removal rate is 64%. Since the denitrification 
process cannot be realized within the plant, it is expected in the summer that the NO3 
will reach very high levels and lead to increase in the total nitrogen (T.N) 
concentration up to 127 mg/l.  
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QRas:  18000 m3/day
Px: 1166 m3/day
Q_eff: 11435 m3/day
Q_inf: 12601 m3/day
SS_inf: 799 mg/l
SS_eff: 47 mg/l
COD_inf: 2372 mg/l
COD_eff: 317 mg/l
S_inf: 68 mg/l
S_eff: 0,1 mg/l
SO4_inf: 2196 mg/l
SO4_eff: 2416 mg/l
BOD5_inf: 1024 mg/l
BOD5_eff:   21 mg/l
T.Cr_inf: 40 mg/l T.Cr_eff: 1.5 mg/l
TKN_inf: 235 mg/l
TKN_eff: 94 mg/l
X_MLSS: 4000 mg/l
V: 27500 m3
X_SS: 6600 mg/l  
Figure 4.2 :   Performance of WWTP 
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4.4 Interpretation of Data 
a) Interpretation of Data 
In this section, data collected at step 2 and 3 are evaluated in general. First of all, the 
average characterization of wastewater in terms of monthly basis is evaluated and 
then these values have been compared to the annual average of the wastewater 
characterization. For the steady state simulations, the annual and the monthly average 
of the wastewater characterization is decided to be used. For reason this, find out 
which parameters need to be calibrated. 
The monthly average of the wastewater characterization from the winter season to 
the summer season is decided to be used for the dynamic calibrations. 
The monthly average of  the wastewater characterization from the summer season to 
the winter season is decided to be used for the verification. 
The annual average of dissolved oxygen concentration is calculated. Also blower 
capacities is checked for the scenario analysis preparation. 
The sludge age is checked considering with the wasted sludge and MLSS 
concentrations in the reactors. The capacities of the excess sludge pumps is checked 
for the scenario analysis preparation. 
According to the evaluation, it is observed that the measurements, which are the 
basis for the modeling study, can be considered as sufficient, except scarcely 
measured nitrate concentration in the effluent.  
 
b)Measurement Campaign 
 
Collected data that evaluated in previous section (a) could be used for modeling. For 
this study, any kind of parameter analysis could not be done because of lack of time 
and insufficient budget. However, it should be done after the interpretation of data if 
it is necessary. 
It is concluded that measurement of NO3 in the effluent must be measured 
frequently. The detailed profile of the dissolved oxygen concentrations in the 
reactors should be done. The secondary settling tank where may occur in 
denitrification should be checked. 
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4.5 Definition of model Structure 
In this study, a modified ASM1 was used considering dual step hydrolysis with 
endogenous decay approach (Orhon et al., 1998b). The fundamental processes 
incorporated into the model are listed in the leftmost column of Table 2.1, while their 
rate expressions are listed in the rightmost column. Basically, nine processes are 
considered: hydrolysis of XS to SS, hydrolysis of SH to SS, aerobic growth of 
heterotroph, Anoxic growth of heterotroph, growth of autotroph, aerobic decay of 
heterotroph, anoxic decay of heterotroph, aerobic decay of autotroph, anoxic decay 
of autotroph. The components in the model are shown across the top and bottom of 
Table 2.1.  
4.6 Calibration of Model 
Model simulations were performed by using WEST software (Hemmis, Belgium; 
van Hooren et al., 2001) in this study. WEST is a modeling and simulation platform 
for different processes which are wastewater modeling and simulation, river 
modeling and simulation, catchment modeling and simulation, fermentation 
modeling and simulation, ecological modeling and simulation.  
In this simulation program, aerobic tank was regarded as 7 (R1-R7) compartments 
tank in series with a 3930 m3 volume based on the plant geometry, DO mesurements 
along the reactor and the final clarifier was considered as a point settler in which the 
solids removal efficiency is around 100%. The average of sludge volume index (SVI) 
shows the good settlebility of the activated sludge so that point settler assumption 
that is selected in the simulation is appropriate. 
Average dissolved oxygen concentrations is observed during the day in the WWTPs 
and the measurement points of dissolved oxygen concentrations within the reactors 
are given in Figure 4.3. WEST implementation of plant layout is illustrated in 
Figure4.4. 
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Figure 4.3 :    The measurment points of DO within the reactor 
 
 
 
Figure 4.4 :   WEST implementation of plant layout  
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The annual average of the dissolved oxygen concentrations versus reactors is given 
in Figure 4.5 in the range of (0.4, 1.1, 2, 3, 3.7 mg/l). 
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Figure 4.5 :   Average Dissolved Oxygen in Reactor 
4.6.1 Steady state simulation (Annual Average) 
Average influent wastewater concentrations and measurements in the reactor are 
introduced to simulation program. Average influent wastewater concentrations are 
taken from Table 4.7 and Table 4.8, operating parameters are taken from Table 4.9. 
For the steady state simulations, the annual and the monthly average of the 
wastewater characterization is decided to be used. For reason this, find out which 
parameters need to be calibrated. 
Volumetric oxygen transfer coefficient (KLa) values are calculated by converting the 
average amounts of air. In addition, uniform distribution of air in the reactors is 
known.  
According to steady state simulations, MLSS concentration in the reactor 
approximately is 3900 mg/l whereas in data this value is 4000 mg/l. Consequently, 
the model gives reasonable results for MLSS concentrations (Figure 4.6). 
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Figure 4.6 :   Simulation results for MLSS 
As the characterization of influent wastewater and the excess sludge amounts is 
performed accurately, the MLSS concentration in the reactor complied with the 
model results. 
Figure 4.7 shows that effluent NH4-N concentration is 87 mg/l, NO3 concentration is 
40 mg/l whereas in data this values are 89 mg/l and 33 mg/l respectively. NH4-N and 
NO3 is nearly complied with the model results regarding annual average. 
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Figure 4.7 :   Simulation Results for effluent NH4-N and NO3 
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Figure 4.8 :   Simulation Results for DO in reactors 
According to the results of simulation, oxygen concentration in R1-R7 reactors is 
respectively (0.5, 1, 1.8, 2.5, 4.5, 4.8, 5 mg/l) in accordance with the calculated 
average KLa=160. As for the results of the data, oxygen concentration in R3-R7 
reactors is respectively as follows: (0.4, 1.1, 2, 3, 3.7 mg/l) and below the results of 
the model (Figure 4.8). 
4.6.2 Steady state calibration (Annual Average) 
At this step the KLa values of the wastewater treatment plant whose default values 
were taken and simulation was performed accordingly were calibrated to yield the 
average oxygen concentrations in the reactors on monthly basis. As the 
characterization of the excess sludge amounts and influent wastewater is performed 
accurately, the MLSS concentration in the reactor complied with the model. For this 
purpose, calibration is not required. Calibration results of MLSS is illustrated in 
Figure 4.9. 
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Figure 4.9 :   Calibration results of MLSS 
In order for that the DO concentrations in the reactors are in consistency with the 
results of the data, KLa values were calibrated.  
Dissolved Oxygen
0
0,5
1
1,5
2
2,5
3
3,5
4
R1 R2 R3 R4 R5 R6 R7
Data
Model
 
Figure 4.10 :   Calibration results of DO concentrations in the reactors 
The distribution of KLa values each of  the reactors are given in Table 4.12. 
Calibration results of DO concentrations in the reactors are given in Figure 4.10. 
Table 4.12.  Calibrated KLa values  
Reactors KLa 
R1 120 
R2 120 
R3 120 
R4 140 
R5 155 
R6 115 
R7 115 
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The effluent NH4-N and NO3-N concentrations are evaluated compared to data 
results. After calibrating KLa values according to dissolved oxygen concentrations in 
reactors NH4-N and NO3-N concentrations decrease to 70 mg/l and 25 mg/l in 
simulation results (Figure 4.11). 
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Figure 4.11 :   Calibration results of effluent NH4-N and NO3 concentrations 
4.6.3 Dynamic  Calibration (Monthly Average) 
Systems treating strength industrial wastewaters face severe limitations imposed by 
the nature of biological processes related to nitrogen removal especially in meeting 
effluent limitations during the winter season. When the temperature effect is 
considered, the rate of nitrification becomes the rate limiting parameter for the 
overall nitrogen removal, as it directly controls the level of nitrogen oxidized to 
nitrate. It is known that the temperature effect reflects most on maximum specific 
growth rate, µAmax. Previous experiments (Orhon et al., 2000) conducted on the 
tannery wastewater suggest that the effect of temperature on maximum specific 
growth rate could be evaluated by an Arrhenius type of equation with a temperature 
coefficient, Ө of 1,127, slightly higher than what is associated with domestic sewage 
(Sözen et al., 1996). 
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In this section, the maximum growth rate of autotroph µAmax and temperature 
coefficient factor is calibrated as 0,27 day
-1
and 1,127. 
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Figure 4.12 :   Dynamic calibration results of MLSS 
According to Figure 4.12, MLSS concentrations in the reactor approximately are 
nearly the data results during the year. 
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Figure 4.13 :   Dynamic calibration results of effluent NH4-N concentrations 
According to Figure 4.13 and Figure 4.14 NH4-N and NO3-N concentrations are 
fitting approximately compared to data results. 
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Figure 4.14 :   Dynamic calibration results of effluent NO3 concentrations 
4.7 Verification of Model 
The calibrated model was verified in the transition period from the summer to the 
winter when the temperature changes in the wastewater treatment plant.  
4.8 Scenario Analysis 
In this section, it is aimed to experience different scenarios by calibrated model and 
to determine the most convenient configurations and operation conditions for the 
achievement of targeted effluent T.N concentration (15 mg/l).  
2 biological tanks are available in the wastewater treatment plant. However, only one 
of them is operated in the wastewater treatment plant due to the lower rate of flow 
than the designed flow. Supposing that MLSS concentration in the scenario analysis 
will be at high values by reason of the high sludge age, both reactors were used in the 
scenario analysis. Therefore the simulation was performed to retain in each of tank 
half of the average influent flow. 
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4.8.1 Scenario 1-Pre-denitrification 
Calibrated model was firstly operated for the configuration of predenitrification. The 
WEST implementation of predenitrification is shown in Figure 4.15.  
The first treatment plant configuration for nitrogen removal is the predenitrification 
type plant, also known as Modified Lutzack and Ettinger layout (Barnard, 1973). The 
activated sludge plant is divided into two main sections including the aerobic and 
anoxic zones. These zones can be created by appropriate adjustment in the aeration 
facility along a plug-flow reactor. For domestic wastewater, high internal nitrified 
recycle from the aerobic through pre anoxic reactor (3-5 Qinfluent) is required to 
acquire efficient nitrogen removal (Kayser, 1999). The dissolved oxygen carry over 
from aerobic to anoxic zone should be minimized since some organic carbon is 
aerobically removed in the first reactor (Orhon and Artan, 1994). The Modified 
Lutzack and Ettinger process is a very adaptable configuration to be utilized for 
retrofitting activated sludge plants from carbon to nitrogen removal (Metcalf and 
Eddy, 2003). 
In Figure 4.15, R1 and R2 reactors are operated in anoxic way whereas R3-R7 
reactors are operated in aerobic way. NO3 internal recycle required for the 
denitrification process is performed from R7 to R1. Thus, the removal of NO3 
occurring in the nitrification process by means of predenitrification process is 
evaluated.  
 
 
Figure 4.15 :   WEST Implementation of predenitrification 
39 
a) Step 1 
In this step,  assumptions were made as given in Table 4.13.  
Table 4.13.  Assumptions for Step 1 
X 20 days 
VD/V 0,3 
IR 5.Q 
Qras 9000 m
3
/day 
 
The results of effluent NH4-N, NO3-N and T.N concentrations are given in Figure 
4.16. 
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Figure 4.16 :   Effluent concentrations in Step1 
It was observed that the effluent NH4-N concentration was at high values and 
influent NH4-N could not be nitrified in pre-denitrification step 1. It was concluded 
that insufficient amount of influent alkalinity for the nitrification.  Since the 
ammonia nitrogen is approximately 250 mg/l in the influent wastewater, the amount 
of alkalinity is inadequate. Required alkalinity amount is calculated approximately 
1800 mg/l CaCO3. This amount equals to 18 mmol for the model input. It was 
concluded that this system needs 20 mmol of alkalinity to remain in the secure part.  
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b) Step 2 
In this step,  assumptions were made as given in Table 4.14.  
Table 4.14.  Assumptions for Step 2 
X 20 days 
VD/V 0,3 
IR 5.Q 
Qras 9000 m
3
/day 
Alk. 20 mmol 
 
Figure 4.17 shows that T.N concentration in the effluent wastewater could not 
achieve the standards in the predenitrification scenario step 2 even if alkalinity is 
sufficient. Figure 4.18 indicates effluent alkalinity concentrations.  
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Figure 4.17 :   Effluent concentrations in Step 2 
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Figure 4.18 :   Effluent Alkalinity concentrations in Step 2 
c) Step 3  
In this step, assumptions were made as given in Table 4.15. 
Table 4.15.  Assumptions for Step 3 
X 20 days 
VD/V 0,4 
IR 5.Q 
Qras 9000 m
3
/day 
Alk. 20 mmol 
Selecting VD/V=0,4 , the configuration of step 3 is illustrated in Figure 4.19. In 
Figure 4.19, R1, R2 and R3 reactors are operated in anoxic whereas R4-R7 reactors 
are operated in aerobic. NO3 internal recycle required for the denitrification process 
is performed from R7 to R1.  
 
Figure 4.19 :   WEST Implementation of Step 3 
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As it is seen in the results given in Figure 4.20. NO3-N was not removed at this step. 
NH4-N concentration amount decreased to 4 mg/l in the effluent wastewater. The 
insufficient removal of NO3-N in the effluent wastewater is caused by the 
consumption of the nitrate in the 3
rd
 anoxic reactor (R3) completely, insufficiency of 
returned nitrate and need for recycle rates at high levels. Since it does not propose a 
consistent solution, it is concluded that predenitrification configuration is not good 
solutions for this system. 
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Figure 4.20 :   Effluent concentrations in Step 3 
 
4.8.2 Scenario 2-Bardenpho 
The configuration known as Bardenpho and including the two processes of pre-
anoxic and post anoxic system is believed to be a more realistic solution due to its 
higher capacity of denitrification. Therefore this configuration is applied for the 
second scenario. The configuration is indicated in Figure 4.21. According to the 
configuration R1, R5 and R6 are selected as anoxic tank. R2,R3,R4 and R7 remain as 
aerobic. NO3 internal recycle required for the denitrification process is performed 
from R4 to R1.  
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Figure 4.21 :   WEST Implementation of Bardenpho 
 
As it is detected based on results given in Figure 4.22, NO3-N is not removed only in 
winter period at this step. Especially, it reaches up to 17 mg/l in winter period. On 
the other hand NH4-N concentration is under 5 mg/l in the effluent wastewater during 
the year. The reason for the insufficient removal of NO3-N in the winter may be 
explained with the substantial sensitivity of the maximum growth rate against the 
fluctuations in the temperature.  
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Figure 4.22 :   Effluent concentrations in Bardenpho configuration 
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MLSS concentration (mg/l) during the year are given in Figure 4.23. 
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Figure 4.23 :   MLSS concentration in Bardenpho configuration 
 
Alkalinity concentration during the year are given in Figure 4.24. 
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Figure 4.24 :   Alkalinity concentration in Bardenpho configuration
45 
 
5 CONCLUSIONS AND RECOMMENDATIONS 
In this study, basic steps are presented as a guideline to be followed for the 
implementation of the modeling in the wastewater treatment plants. These steps 
include the following: Target, WWTP, Data Collection, Evaluation of WWTP 
Performance, Interpretation of Data, Definition of Model Structure, Calibration of 
Model, Verification of Model, Scenario Analysis and Implementation of Scenario 
Analysis. 
A case study was conducted within the framework of the established guidelines. The 
study analyzes T.N. concentration of wastewater treatment plant which provides the 
removal of carbon removal according to EU standards by means of simulation 
activities. 
When the temperature effect is considered, the rate of nitrification becomes the rate 
limiting parameter for the overall nitrogen removal, as it directly controls the level of 
nitrogen oxidized to nitrate. It is known that the temperature effect reflects most on 
maximum specific growth rate, µAmax. According to simulation results, maximum 
growth rate of autotroph and temperature factor is calibrated as 0,27 day
-1
 and 1,127. 
The calibrated model was verified in the transition period from the summer to the 
winter when the temperature changes in the wastewater treatment plant.  
In order to detect the most appropriate strategies for the verified model, two different 
scenario analyses were performed, Pre-denitrification and Bardenpho.  
It was observed that the effluent NH4-N concentration was at high values and 
influent NH4-N could not be nitrified in pre-denitrification step 1. It was concluded 
that insufficient amount of influent alkalinity for the nitrification 7.14 gr of alkalinity 
is needed for the oxidization of 1 gr of ammonia nitrogen. Since the ammonia 
nitrogen is approximately 250 mg/l in the influent wastewater, the amount of 
alkalinity is inadequate. It was concluded that this system needs 20 mmol of 
alkalinity to remain in the secure part.  
46 
NO3-N concentration in the effluent wastewater could not achieve the standards in 
the predenitrification scenario step 3 due to the consumption of the nitrate in the 3
rd
 
anoxic reactor of the configuration completely, insufficiency of the returned nitrate 
and need for the recycle rates at high levels. Since it does not propose a consistent 
solution, it is concluded that predenitrification configuration is not valid for this 
system.  
It is observed that Bardenpho and including the two processes of pre-anoxic and post 
anoxic system is believed to be a more realistic solution due to its higher capacity of 
denitrification. Bardenpho processes provided the best solution for the summer 
period. The reason for the failure in winter period is caused by the sensitivity of 
autotrops across the fluctuations in the temperature.  
This study mainly proposes that the available wastewater treatment plants in Turkey 
which can not be operated due to the deficiency of knowledge or inaccurate design 
should be optimized by means of the modeling approach based on contemporary 
techniques and achieve the predetermined objectives. These objectives could be 
optimization of existing WWTP, improving of effluent wastewater quality, cost 
reduction in the operation.  
A reliable database should be formed towards the control of process for the rational 
parameters in the wastewater treatment plants.  
These databases and models which will be used should be separately calibrated for 
each wastewater treatment plant.  
This study will highlight further scientific researches on the condition that the 
deficiencies in the measurement campaign are fulfilled and the sensitivity analysis is 
conducted.  
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ANNEX A 
Table A. 1. January 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 7903 7,9 360 84 1840 1240       136 30 40     
2 5355 7,9 400 81 1855 1265 620     121 34       
3 8520 7,8 400 81 2390 1970         30 47     
4 7826 7,8 390 82 1410 1055       135 32 26     
5 8488 7,8 390 82 1410 1055       135 32 26     
6 8380 8 485 81 1700 1080       127 35 46     
7 11059 7,9 495 74 2720 1935 2000 230   130 42 40 1645 4920 
8 8843 7,6 430 81 2130 1570 560     112 30 34     
9 10913 7,5 430 83 2340 1500 500 184   106 34 42     
10 11233 7,8 470 83 2540 1605       119 30 44     
11 10578 7,9 390 88 1910 1280       103 30 36     
12 7058 7,9 390 88 1910 1280       103 30 36     
13 12397 8 535 76 2180 1835   201   103 23 28     
14 14036 8,7 585 78 2355 1250 760     105 30 60     
15 14033 8,2 580 80 2085 1285 820 197   104 35 48 1630 4395 
16 13860 8,1 610 81 2315 1285 820     115 33 49     
17 5710 8,1 690 79 2250 1370         32 35     
18 11849 7,5 590 81 1785 1015       154 25 41     
19 6734 7,5 590 81 1785 1015       154 25 41     
20 5076 7,7 560 80 2880 1780       154 50 55     
21 11550 8,2 640 83 2965 1830 980 239 208 149 25 63 2175 6150 
22 10642 7,9 640 79 2970 1700 1120     142 15 66     
23 9460 8,4 865 77 2690 1890   280   146 28 64     
24 10262   745 78 2725 1745       145 36 68     
25 8638 8 565 78 1975 925       173 22 54     
26 7074 8 565 78 1975 925       173 22 54     
27 12600 7,9 920 73 3840 2090   300   172 27 80     
28 9839 7,9 830 77 4120 2560 680     156 45 28     
29 10979 8 940 76 3140 1163 1160 265 220 154 40 75 2070 6510 
30 11179 7,8 890   3025 1680       153 50 66     
31 10920 7,6 640 74 2590 1380       165 40 45     
Av 9774 7,9 581 80 2381 1470 911 237 214 136 32 48 1880 5494 
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Table A. 2. January 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N VSS/SS S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 17 330 260   115 113 105   0 1,1     
2 42 385 270 16     88   0       
3 45 420 320       87   0 1,1     
4 25 355 250       101   0 0,7     
5 25 355 250       101   0 0,7     
6 50 345 190   134 126 109   0 0,7     
7 21 385 250 20 123   120   0 0,6 1785 4220 
8 47 570 300 13 130 128 120   0 1,6     
9 55 410 370 16 125   109   0,1 2,1     
10 39 445 365   129 126 123   0 1,6     
11 40 460 340   130 126 106   0,1 1,2     
12 40 460 340   130 126 106   0,1 1,2     
13 45 380 295   137   112   0 0,7 1802   
14 37 300 270 21 117 115 102   0,1 1,4     
15 25 425 230 18 113   96   0,1 1,5 1605 4235 
16 49 370 240 24 112 104 90   0,1 1,6     
17 46 370 245   113   94   0,1 1,3     
18 40 395 275   146 136 117   0,1 1     
19 40 395 275   146 136 117   0,1 1     
20 48 405 340   149 145 127   0,1 1,4     
21 85 305 230 22 156 149 135   0,1 1,4 2170 3495 
22 60 370 210 48 167 162 134   0,1 1,5     
23 35   210   166 157 126   0,1 0,5     
24 45 370 270   151 146 129   0,1 0,6     
25 52 300 260   165 163 154   0,1 1,4     
26 52 300 260   165 163 154   0,1 1,4     
27 37 420 300   189 179 163   0,1 1,2     
28 39 440 280 30 180 175 151   0,1 1,9     
29 49 375   28 192 170 158   0,1 2 2315 5995 
30 54 325 195 23 173 169 151   0,1 1,7     
31 50 300 200   150 146     0,1 1,3     
Av 43 382 270 23 145 144 120   0,1 1,2 1935 4486 
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Table A. 3. February 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 11300 7,4 580 75 2370 1565       172 46 39     
2 6125 7,4 580 75 2370 1565       172 46 39     
3 9909 8,1 580 88 2640 1655       161 55 47     
4 10976 7,7 700 75 2735 1455   232   151 10 39     
5 8543 7,8 695 71 2230 1840   249 225 174 17 53 4090 6645 
6 6719 7,8 470 81 1870 930 1140     168 20 35     
7 11368                           
8 3024                           
9 4800                           
10 1560                           
11 4200                           
12 5046 8,2 710 72 2415 1360       144 17 39     
13 5755 7,9 925 73 3320 1895   254 206 135 32 33   6255 
14 6473 7,8 1050 76 3880 2055       138 27 38     
15 7056 7,8 470 70 1365 570       162 31 20     
16 8754 7,8 470 70 1365 570       162 31 20     
17 10772 8,3 775 65 2870 1855       139 25 29     
18 9963 8,2 1070 86 3030 2040 1480 267 156 139 19 40     
19 10028 7,4 840 72 3245 1830   280 238 138 25 40 2570 7280 
20 12379 7,6 755 78 3065 1660 1160     137 16 37     
21 13414 7,7 650 74 2170 1395       141 24 16     
22 10558 7,3 500   2470 1550         5 17     
23 4979 7,3 500   2470 1550         5 17     
24 7559 7,7 870 79 3020 1860   270   140 23 21     
25 8725 7,3 1140 67 3630 2010 1040 315 235 135 8 59 2665 6670 
26 10286 7,3 800 85 2980 1130 1050 270   141 36 50     
27 10396 7,2 700   2560 1450 1465     142 30 25     
28 12730 7,3 675 80 2510 1430       140 38 40     
29                             
30                             
31                             
Av 8336 7,7 718 76 2634 1531 1223 267 212 149 25 34 3108 6713 
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Table A. 4. March 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 10680 7,4 670 89 2680 1450       185 24 55     
2 4689 7,4 670 89 2680 1450       185 24 55     
3 5576 8,2 915 77 3725 1920   300 260 160 40 50 3450 6830 
4 18865 7,7 1010   3720 2044 1265     170 45 75     
5 10084 8 945 88 2890 2012         28 61     
6 11515 7,4 740 80 3030 1960   305   155 40 30     
7 10909 7,8 675 81 2975 1900       162 35 70     
8 11440 7,3 670 75 2050 1045       175 18 65     
9 8462 7,3 670 75 2050 1045       175 18 65     
10 10488 8,1 840 80 3210 1760 1700 300 245 165 23 52     
11 10490 8,1 970 73 3620 1760 1600 275   164 42 65 3220 6930 
12 10591 7,7 990 76 3735 2395 1160     151 40 65     
13 10783 7,4 935 79 3095 1830       155 42 42     
14 15099 7,2 740 75 3060 1485       163   43     
15 11006 7,1 635 81 2330 1140       165 45 50     
16 9058 7,1 635 81 2330 1140       165 45 50     
17 10637 7,6 735 82 2785 1300       136 70 40     
18 9293 7,8 915 82 3120 1845 1000 262 231 138 50 47 2870 6365 
19 11807 7,7 730 70 1980 1640 1060 243   135 57 18     
20 12849 7,4 750 81 2835 1645 1200     145 40 40     
21 14520 7,6 635 68 2140 1350       160 55 42     
22 10294 7,4 530 81 1680 670       102 10 37     
23 10669 7,4 530 81 1680 670       102 10 37     
24 10886 7,8 840 73 3055 1490       110 26 51     
25 10006 8 1065 72 3780 2320 1300 267 220 123 24 72 2620 6470 
26 10235 8 1000 73 3430 1875       133 45 37     
27 12913 7,7 855 83 3160 1780 1470 253   130 66 52     
28 14997 7,8 810 70 2810 1430       141 50 35     
29 13757 7,1 940 60 2225 1220       159 27 36     
30 1533 7,1 940 60 2225 1220       159 27 36     
31 12021 7,5 735 76 2335 1540       103 53 33     
Av 10844 7,6 797 77 2788 1559 1306 276 239 149 37 49 3040 6649 
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Table A. 5. March 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 42 330 250   166 164 152 40   1,9     
2 42 330 250   166 164 152     1,9     
3 20 420 390   155 142 122 40   1 3555 6160 
4 20 460 395 10 150 145 134 52   0,8     
5 36 450 335   134 147 116 31   1,6     
6 68 450 225   144 140 108 26 0,1 2,6     
7 69 470 315   146 141 114 35 0,1 1,6     
8 105 405 255   136 131 98   0,1 1,9     
9 105 405 255   136 131 98   0,1 1,9     
10 57 475 350   104 102 72 55 0,1 2     
11 64 455 360 45 94 82 62 60   1,8 3240 6830 
12 54 500 380 45 78 74 54   0,1 2,3     
13 50 305 250 35 70 67 52 62 0,1 3,3     
14 49 350 285       43 67   4,9     
15 41 310 200   73 57 34     2,2     
16 41 310 200   73 57 34     2,2     
17 42 305 200   43 36 29 70 0,1 1,1     
18 53 330 205 50 41 36 18 69 0,1 2,1 3530 5960 
19 33 290 160 30 38 34 19 60   1,3     
20 31 320 185 20     22 53 0,1 2,6     
21 41 320 205   46   24   0,1 1,7     
22 54 290 210   51 45 32   0,1 2,7     
23 54 290 212   51 45 32   0,1 2,7     
24 54 365 180   36   26 39   2     
25 22 305 255 15 65 51 31 25   1,3 3030 4960 
26 30 320 260   96 81 41 19 0,1 1     
27 34 305 215 25 57 56 39 17 0,1 1     
28 41 340 230      62 32 0,1 1,2     
29 20 320 265   113 103 80 17   1,5     
30 20 320 265   113 103 80     1,5     
31 55 245 195   104 104 79 17 0,1 1,4     
Av 47 358 256 31 96 94 66 42 0,1 1,9 3339 5978 
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Table A. 6. June 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 7406 7,2 1555 60 2640 932                 
2 11561 7,4 1160 82             35       
3 14316 7,3 1055 78 3220 1180   173 115 84 45 51     
4 11825 7,5 1500 65 2685 1045         48       
5 14275 7,6 1180 77 2740   965 150 100 80 91 37 4520 7300 
6 11555 7,5 770   2690     120     34 17     
7 13714 7,4 870   2050 895                 
8 13987 7,4 870   2050 895                 
9 14052 7,7 1185 65 2285 890       80 21       
10 14276 7,5 1575 58 2810         80 40       
11 13736 7,4 1390 64 2450 690 1530 210 165 79 40 27     
12 14176 7,4 1490 63 2620 935 630 126 112 73 38 45 4010 7300 
13 14045 7,9 1545   3040 1160                 
14 11650 8,2 1370 65 2040 550   132     16 29     
15 10585 8,2 1370 65 2040 550   132     16 29     
16 12255 7,3 1370 65 2960 1315         72       
17 12918 7,3 1130   3150 1140         46       
18 13193 7,5 1100   3025 1260 700 132   74 58 42     
19 11834 7,4 1070 76 2990 1300   285 201 160   35 5465 7232 
20 13516 7,4 930 78 2690 1185   240     42       
21 13287 7,5 850 78 2750 1220                 
22 12884 7,5 850 78 2750 1220                 
23 13427 7,4 1670 61 3525 1565         60       
24 12834 7,6 1135 61 3670 1375 700 355 263 140 51 30     
25 12717 7,3 1550 62 3465 1250         51       
26 14377 7,2 1360 79 3590 1310 1600 340 310 165 56 55 1420 7840 
27 13447 7,4 1235   2760 1090   245     40 52     
28 12354 7,6 905 81 2120 855                 
29 11270 7,6 905 81 2120 855                 
30 12779 7,7 905 81 2490 1030         86       
31                             
Av 12808 7,5 1195 71 2738 1065 1021 203 181 102 47 37 3854 7418 
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Table A. 7. June 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1                         
2 45 325 230                   
3 105 310 165   10 6 5   0,1 2,1     
4 120 250 130                   
5 95 450 300 30 40 39 24 24   2,6 4975 7650 
6 70 210 175   25   18           
7 65 250 180       21           
8                         
9 45 305 200       14 23,6 0,1       
10 105 245 200   21   12 22         
11 45 160 120   22 22 10 16,2   2     
12 45 150 150   10 7 3     1,7 4725 6955 
13 55 280 210         11,6         
14 40 285 200   34   21   0,0 0,8     
15 40 285 200   34   21   0,0 0,8     
16 36 330 248         21,6         
17 36 300 170         21,6 0,0       
18 43 420 190   9 5 2     1,1     
19 30 372 200   85 53 11 22   0,7   7860 
20 46 310 250   28   17 17,8         
21 14 280 195       15           
22                         
23 61 340 270         28 0,0       
24   315 235   48 46 13,4     1,6   7755 
25   250 210         20,8         
26   300 235 25 35 23 17 22,2   2,4 2250 7910 
27   350 250   40   21,3           
28   250 220   31               
29                         
30 80 250 135   22,5               
31                         
Av 58 291 203 28 31 25 14 21 0,0 1,6 3983 7626 
 
58 
 
 
 
 
Table A. 8. August 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 13963 7,4 815   2615 1145                 
2 16244 7,5 950   2170 960   232     159 34     
3 15608 7,5 950   2170 960   232     159 34     
4 12005 7,4 820   2440 1090         140       
5 14042 7,5 790 78 2345 1135   270 181 157 88 34     
6 14138 7,4 895   2795 1130         181       
7 16035 7,3 940   2415 1225 900 260   130 100   1880 4830 
8 14991 7,1 1090   2795 945           45     
9 16108 7,2 820   2060 800   230   112 96 42     
10 10253 7,2 820   2060 800   230   112 96 42     
11 11785 7,2 850   2320 1060         133       
12 14388 7,3 1050   2340 995   218 201 116 109 36   7370 
13 16355 7,2 830   2130 715         103       
14 17547 7,3 790 65 1765 745   137   92 102 26 1160 5810 
15 13332 7,6 550   2000 1120                 
16 17718 7,2 660 74 1875 765   180             
17 11149 7,2 660 74 1875 765   180             
18 15918 7,4 860   2190 995         100       
19 15909 7,5 850 81 2435 780 1065 220 155 114 99       
20 15631 7,3 905   2485 985       143 105       
21 18145 8,3 955 79 2620 1300 800 221 154 120 107 42 1500 7650 
22 16772 8,4 735   2155 880   246       35     
23 15744 8,2 1300   2135 620         108       
24 16735 8,2 1300   2135 620         108       
25 15228 7,3 590   1790 810         85       
26 16151 7,3 540 80 2080 1010 800 193 135 100 80 40 1570 7060 
27 14607 7,4 695   2340 1070         90       
28 14157 7,2 740 70 2510 1090   263 204 112 115 30     
29 15612 6,9 655   1855 710                 
30 7799 7,2 555   1490 780                 
31                             
Av 14802 7,4 832 75 2213 934 891 221 172 119 112 37 1528 6544 
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Table A. 9. August 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 85 290 200                   
2 45 430 340   30   24           
3 45 430 340   30   24           
4 30 300 195         45         
5 30 355 255   20 19 3 32,4 0,1 1,6     
6 25 330 250         15,4         
7 55 210 170 10 18   2 25,6 0,1   2340 7480 
8 50 235 150         21,6   2,2     
9 60 285 180   15   1     1,6   7510 
10 60 285 180   15   1     1,6   7510 
11 35 200 130         26         
12 45 190 140   54 40 20   0,0 1,9   7890 
13 25 195 145         30,6         
14 80 175 120   13   1 23 0,1 2,3 1775 6745 
15 35 220 170         22         
16 45 370 155   18   6 17,6         
17 45 370 155   18   6           
18 40 370 270         29 0,0       
19 50 195 130   24 22 12 22,8         
20 95 320 255         19,4 0,1       
21 50 260 200 10 26 21 11 7,6 0,1 1,5 2060 7510 
22 55 245 200   23   10 23         
23 55 270 200         14,6         
24 55 270 200                   
25 50 220 110         13,8 0,1       
26 30 200 150 10 32 26 17 13,4   1,2 2090 6885 
27 25 350 200         10,6         
28 30 250 200   48 45   18,9   0,7     
29 35 215           20         
30 25 300 200                   
31 25 300 200                   
Av 46 279 193 10 26 29 10 22 0,1 1,6 2066 7361 
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Table A. 10. September 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 16414 7,2 830   2240 920         85       
2 16260 7,4 900 72 2485 1285   245 210 100 96 44     
3 16153 7,5 865   2350 980         97       
4 17483 7,5 720 78 2780 1260   198 110 87 95 50 1640 7440 
5 15348 7,8 615 80 2510 1135   210       37     
6 17141 7,3 585   2040 800                 
7 16211 7,3 585   2040 800                 
8 17186 7,5 860   2115 930         85 38     
9 16891 7,4 730 82 2320 1060 600 155 130 100     1945 7580 
10 17936 7,6 895   1950     210 193 106 50 40     
11 17215 7,4 1925 72 3350 2040 670               
12 17837 7,4 960   2646 1175       95 45 46     
13 18531 7,2 660   2120 1735                 
14                             
15 14922 7,5 740   2245 1210         85       
16 18206 7,4 690 80 2490 1115 1265 245 210 130 120       
17 18577 7,4 730 74 2620 1170 1030 201 145 106 112     7440 
18 16906 7,3 800 85 2364 1020         120       
19 17295 7,0 850 77 2360 1040       93 100       
20 16084 7,4 600 82 1920 910         130       
21 13239 7,4 600 82 1920 910         130       
22 7608 7,6 1150 62 2345 920         130       
23 15641 7,6 760   2370 870 1200 230 160 125 85       
24 18436 7,4 795   2580 780         150       
25 16432 7,5 840 77 2300 815 600 210 150 130 130   1350 7300 
26 16681 7,4 800 78 2235 735         115       
27 16584 7,5 780   1820 735                 
28 12455 7,5 780   1820 735                 
29 13208 7,4 990 73 2630 900       110         
30 13154 7,3 815   2390 900   280 230 145 120       
31                             
Av 16070 7,4 822 77 2323 1032 894 218 171 111 104 43 1645 7440 
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Table A. 11. September 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 30 230 170           0,0       
2 35 400 260   21 14 5   0,0 1,2     
3 35 230 170           0,0       
4 30 370 250 10 27 23 7   0,1 1,0 2285 7470 
5 40 420 250       17           
6 45 320 220                   
7 45 320 220                   
8 54 275 150           0,1 1,6     
9 46 330 160   26 22 17       1910 7720 
10 36 300 200   30 27 12   0,1 1,5     
11 24 280 160 10                 
12 165 500 340       15           
13 40 197 170                   
14                         
15 35 270 200                   
16 43 230 145   56 53 35   0,1       
17 50 300 230 20 50 45 33   0,1     7300 
18 30 395 295           0,1       
19 40 300 255       35   0,1       
20 85 340 270                   
21 85 340 270                   
22 50 430 180           0,1       
23 55 360 230   92 90 75   0,1       
24 65 380 240           0,1       
25 32 370 250 10 82 76 63   0,1   2050 8685 
26 40 245 200       70           
27 70 275 160                   
28 70 275 160                   
29 40 450 230           0,1       
30 41 280 220   80 75 55           
31                         
Av 50 325 216 13 52 47 34   0,1 1,3 2082 7794 
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Table A. 12. October 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
  m3/d   mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 14842 7,3 860 75 2600 990         42       
2 15556 7,4 770 76 2380 895 735 245 185 150 82       
3 16734 7,6 790 80 2145 870       150 35       
4 15117 7,4 845 78 2100 760                 
5 14740 7,4 845 78 2100 760                 
6 15918 7,5 980 75 2270 935         140       
7 14975 7,6 905 74 2430 930   300 225 140 40       
8 15444 7,5 910 76 2145 910         115       
9 8674 7,6     2365 1110     195 175 120   2345 6820 
10 10593 7,2 835 76 2450 1085       210 100       
11 16528 7,3 780 75 1840 1045                 
12 11665 7,3 780 75 1840 1045                 
13 9235 7,3 915 73 2075 930         85       
14 15007 7,1 850 72 1800 725 1550 245 180 140 115   1295 5805 
15 10046 7,4 670 80 1780 850         105       
16 16856 7,6 740 75 1950 1040   280 185 112         
17 15461 7,4 710 80 2290 960       140         
18 12283 7,2 690 65 1535 715                 
19 7692 7,2 690 65 1535 715                 
20 2948                           
21 13065 7,4 630 85 1850 890 660 200 112 95 125       
22 12968 7,6 680 73 2010     175 140 100 105   1495 6165 
23 12435 7,1 860   2085 870         110       
24 10885 7,0 785 77 2270 1100         95       
25 10211 6,9 580 75 1400 650                 
26 12443 6,9 580 75 1400 650                 
27 11386 7,3 635 76 1795 720         130       
28 12460 7,1 670 70 1225 1915     145   45       
29 12922 7,1 670 70 1225 1915     145   45       
30 12988 7,6 895 78 2500 1240         95       
31 14452 7,2 725 76 2610 1275     130   85       
Av 12791 7,3 768 75 2000 983 982 241 164 141 91   1712 6263 
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Table A. 13. October 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 70 210 120         45 0,0       
2 80 290 200 15 90 75 65   0,0       
3 45 275 170       65 48         
4 40 310 220                   
5 40 310 220                   
6 30 280 185           0,0       
7 30 200 130   95 93 75   0,0       
8 20 240 190         35 0,1       
9 20 380 255   105 100 90   0,0   2400 7200 
10 30 265 230       90           
11 35 275 190                   
12 35 275 190                   
13 30 280 135           0,0       
14 95 310 195 60 150 135 120   0,1   1940 6890 
15 70 380 245         56         
16 40 300 200   130 123 93           
17 15 320 200   103 93 90           
18 70 205 175         66         
19 70 205 175                   
20                         
21 15 320 280   100 92 86   0,0       
22 25 300 160 10 96 84 82   0,0   1360 6130 
23 40 250 165         24 0,0       
24 40 330 230                   
25 40 260                     
26 40 260                     
27 20                       
28 35 250 180       96 30 0,0       
29 35 250 180       96   0,0       
30 42 280 180                   
31 20 380 360       85   0,0       
Av 41 282 199 28 109 99 87 43 0,0   1900 6740 
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Table A. 14. November 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
 m3/d  mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 13158 7,2 885 76 2155 1000         
2 12529 7,2 885 76 2155 1000         
3 13365 7,8 870 75 2450 1250     133    
4 13530 7,8 815 86 2340 1140 1130 330 282 125 110    
5 14981 7,9 800 78 2360 1015     120    
6 14757 7,5 815 74 2400 1110  210 180 126 65 30 2200 7130 
7 14875 7,3 750 80 2500 1060    140     
8 12953 7,3 865 81 2100 840         
9 14347 7,3 865 81 2100 840         
10 12804 7,4 975 78 2545 1060     135    
11 14437 7,3 870 78 2770 1430 1300 245 190 150 120 37   
12 17083 7,4 890 82 2690 1220     140 45   
13 16817 7,4 1000 75    235  140 140 40 1145 7130 
14 16827 7,4 875 84 2590 1080         
15 15877 7,4 870 74 2270 950         
16 15778 7,4 870 74 2270 950         
17 15677 7,6 800 75 2090 920 500 220 195 130 93 47   
18 16200 7,5 870 80 2170 945         
19 16276 7,6 745 81 2200 1000 670 220 184 145 135 40 1365 7130 
20 16476 7,4 745 80 2305 1065     145    
21 15165 7,5 660 82 2090 970    117     
22 7036 7,4 710 78 2020 720         
23 15217 7,4 710 78 2020 720         
24 15577 7,5 690 75 1900 670     110    
25 17617 7,4 690 85 2160 940 570 235 220 145 80 40   
26 15227 7,4 720 82 2100 890      32   
27 15152 7,7 670 82 2210 860 735 215  120 97 40 1465 6050 
28 16756 7,2 595 78 1970 895    130 110 18   
29 15066 7,4 760 80 1760 560         
30 17838 7,4 760 80 1760 560         
31               
Av 14980 7,4 801 79 2222 954 818 239 209 133 116 37 1544 6860 
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Table A. 15. November 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
  mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 50 295 150                   
2 50 295 150                   
3 35 350 210           0,0       
4 80 205 180   117 110 95   0,1       
5 80 280 230           0,1       
6 50 230 140 15 125 110 96   0,1 0,7 2415 6430 
7 50 300 200       100           
8 75 265 195                   
9 75 265 195                   
10 40 310 265           0,1       
11 60 390 290   130 120 100     1,4     
12 25 260 210           0,1       
13 50       125   100   0,1 1,5 1940 6470 
14 10 290 160                   
15 35 330 140                   
16 35 330 140                   
17 40 330 240   120 115 105   0,0 1,6     
18 45 480 315                   
19 55 305 230 20 125 120 105   0,0 0,8 2120 6710 
20 55 300 235           0,1       
21 35 260 200   98   75           
22 35 260 200                   
23 35 260 200                   
24 35 240 200           0,1       
25 55 260 200   130 120 110   0,1 2,8     
26 50 270 180             2,4     
27 55 430 290 20 125   105   0,1 3,0 1810 6050 
28 50 240 180       97     1,9     
29 45 190 100                   
30 45 190 100                   
31                         
Av 48 290 197 18 122 116 99   0,1 1,8 2071 6415 
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Table A. 16. December 1997 Aeration influent 
Date Flow pH SS VSS/SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N S
2- T.Cr SO4 Cl 
 m3/d  mg/l % mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 15700 7,6 720 78 2360 660     100    
2 15772 7,4 685 78 2860 1475 1130 225 205 125 80 40   
3 16469 7,4 500 80 2520 1395     90 32   
4 16627 7,3 500 82 1560 1240 1200 205 135 128 65 30 1535 5770 
5 16729 7,4 570 80 2025 1145    130  25   
6 17166 7,5 495 78 1165 800        4140 
7 17321 7,5 495 78 1165 800        4140 
8 10959 7,8 495 70 1530 860     25 22   
9 9509 7,6 430 75 1585 950         
10 17689 7,7 605 78 2080 1120 1060 195 160 90 40 36 1520  
11 10946 7,6 770 77 2290 970     44    
12 10972 7,5 720 78 2210 970    125 40    
13 9294 7,3 710 81 1950 840         
14 8736 7,3 710 81 1950 840         
15 9391 7,5 550 79 2000 990     38 20   
16 11246 7,6 610 76 1980 945 700 180 162 73 30 20 1415 4100 
17 15911 7,7 670 73 1900 890     25    
18 12501 7,3 730 78 2290 1180  175 160 75 35 65   
19 10294 7,5 915 72 2710 1015    81     
20 10545 7,5 1060 75 1930 875  260       
21 11273 7,5 1060 75 1930 875         
22 17138 7,3 720 76 1930 930     42 15   
23 15375 7,4 670 82 2360 1240 1450 240 198 105 50 40 1350 4800 
24 14336 7,3 650 85 2400 1290     32 35   
25 12969 7,2 645 86 2525 1155 1500 230 225 117 60 40   
26 15021 7,5 730 76 2050 1020     50 40   
27 12098 7,2 710 83 1860 890         
28 12328 7,2 710 83 1860 890         
29 12808 7,3 630 85 1970 1050     25 15   
30 7245 7,4 770 80 2420 1460     40    
31 8636 7,1 735 79 2030 910     60 60   
Av 13000 7,4 676 79 2045 1022 1173 214 178 105 49 33 1455 4590 
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Table A. 17. December 1997 Treated water concentration 
Date SS COD Sol.COD BOD5 TKN Sol.TKN NH3-N NO3-N S
2- T.Cr SO4 Cl 
 mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
1 38 335 225      0,1    
2 35 400 330  115 110 95  0,1 1,4   
3 25 280 230      0,1 1,8   
4 35 260 195 20 112 110 90   1,8 1765 6610 
5 35 350     90      
6 35 320 205          
7 35 320 205          
8 35 205 160      0,1 0,8   
9 55 520 260  95        
10 45 240 150 15 85 75 65  0,0 1,7 1470  
11 45 240 150      0,0 1,8   
12 35 260 170    115  0,0    
13 55 240 200          
14 55 240 200          
15 40 225 145      0,1 0,7   
16 25 235 200 15 110 98 83  0,0 1,3 1970 4830 
17 35 195 140      0,0    
18 60 190 120  85 83 65  0,1 3,0   
19 95 270 230    65      
20 50 360 260          
21 50 360 260          
22 50 350 290      0,1 1,8   
23 35 340 320 20 64 61 45  0,1 1,7 1100 3480 
24 85 485 310      0,1 3,4   
25 85 290 225  85 78 65  0,1 3,3   
26 45 245 180  90 85 72  0,1 0,8   
27 75 310 165          
28 75 310 165          
29 80 320 200      0,1 0,7   
30 45 325 310          
31             
Av 50 301 214 18 93 88 77  0,1 1,7 1576 4973 
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